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TEST OF AN INFRARED 

LIGHT-EMITTING TURB IDIMETER 

By Joseph  J. Szalona 

AB S TRACT 

A t u r b i d i m e t e r  equipped w i t h  a  pu l sed  i n f r a r e d  l i g h t  s o u r c e  was 

t e s t e d  f o r  u s e  a s  a  suspended-sediment c o n c e n t r a t i o n  a n a l y z e r .  Two 

a l l u v i a l  sediments  were d i v i d e d  i n t o  groups accord ing  t o  p a r t i c l e - s i z e  

f r a c t i o n s .  Var ious  c o n c e n t r a t i o n s  of each of t h e s e  groups were ana lyzed .  

The i n s t r u m e n t  r e a d i n g s  were  n e a r l y  p r o p o r t i o n a l  t o  c o n c e n t r a t i o n  w i t h i n  

each group; however, among t h e  groups  t h e  p r o p o r t i o n a l i t y  f a c t o r s  v a r i e d  

i n v e r s e l y  w i t h  p a r t i c l e  s i z e .  

The ins t rument  r e a d i n g s  f o r  m i x t u r e s  of sediment s i z e s  were pre-  

d i c t e d  from t h e  c o n c e n t r a t i o n  r e l a t i o n s h i p s  developed f o r  t h e  i n d i v i d u a l  

groups .  P r e d i c t e d  v a l u e s  compared f a v o r a b l y  w i t h  measured v a l u e s .  

The t u r b i d i m e t e r  meter reached  f u l l - s c a l e  d e f l e c t i o n  a t  a  c l a y  

c o n c e n t r a t i o n  of abou t  100 m i l l i g r a m s  p e r  l i t e r .  However, t h e  i n s t r u m e n t  

can b e  a d j u s t e d  t o  r e a d  h i g h e r  c o n c e n t r a t i o n s .  The ins t rument  was n o t  

s i g n i f i c a n t l y  a f f e c t e d  by wate r  t empera tu re ,  d i s s o l v e d  s o l i d s ,  o r  by 

sediment  c o l o r .  The ins t rument  d i d  respond ,  however, t o  ambient n a t u r a l  

o r  a r t i f i c i a l  l i g h t .  O p t i c a l  p r o p e r t i e s  of t h e  sediment p a r t i c l e s  a l s o  

a f f e c t e d  t h e  ins t rument  response .  

T h i s  t u r b i d i m e t e r ,  l i k e  o t h e r  t y p e s  of t u r b i d i m e t e r s ,  cannot  

measure sediment c o n c e n t r a t i o n  u n l e s s  t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  i s  

ltnown . 



INTRODUCTION 

Much t ime  and expense  i s  r e q u i r e d  t o  c o l l e c t  and a n a l y z e  suspended- 

sediment  samples.  C u r r e n t l y ,  samples of r i v e r  w a t e r  must b e  c o l l e c t e d  

and  t h e n  t r a n s p o r t e d  t o  a l a b o r a t o r y  where t h e y  a r e  ana lyzed .  A d e v i c e  

t h a t  cou ld  a n a l y z e  suspended-sediment c o n c e n t r a t i o n  i n s t a n t a n e o u s l y  i n  

p l a c e  would b e  h i g h l y  d e s i r a b l e .  A  t u r b i d i m e t e r ,  f a s t e n e d  t o  a stream- 

l i n e d  weigh t ,  cou ld  p o s s i b l y  s e r v e  such  a purpose .  

Turb id imete r s  have been used by i n d u s t r y  s i n c e  t h e  1 9 3 0 ' s  t o  measure  

t h e  c o n c e n t r a t i o n  and ( o r )  t h e  s i z e  d i s t r i b u t i o n  o f  such  t h i n g s  as p a i n t  

p igments  and p o r t l a n d  cement. They c o n s i s t  o f  a l i g h t  s o u r c e ,  such as a 

tungs ten- f i l ament  b u l b ,  t h a t  d i r e c t s  l i g h t  o n t o  a  p h o t o v o l t a i c  c e l l ,  

which is  connected t o  a n  ammeter. L i g h t  t h a t  r e a c h e s  t h i s  t y p e  of photo- 

d e t e c t o r  produces  an  e l e c t r i c a l  c u r r e n t  t h a t  r e g i s t e r s  on t h e  meter. 

P a r t i c l e s  suspended between t h e  l i g h t  s o u r c e  and p h o t o c e l l  i n t e r f e r e  w i t h  

t h e  l i g h t  t r a n s m i s s i o n  by s c a t t e r i n g  and a b s o r b i n g  t h e  r a y s .  T h i s  i n t e r -  

f e r e n c e  a l t e r s  t h e  meter  r e a d i n g .  

H i s t o r y  

The b a s i c  d e s i g n  of t h e  pho tode tec to r - type  t u r b i d i m e t e r  i s  a t t r i -  

b u t e d  t o  L. A. Wagner (Orr and D a l l a V a l l e ,  1959, p. 120)  who was con- 

ce rned  w i t h  t h e  l a b o r a t o r y  a n a l y s i s  o f  p o r t l a n d  cement. Harner  and 

Musgrave (1959, pp. 172-178, a l s o  see O r r  and D a l l a V a l l e ,  1959,  p. 120)  

s l i g h t l y  modif ied t h i s  d e s i g n  and developed a n  a n a l y t i c a l  p rocedure  t o  

c o n v e r t  l i g h t  r e a d i n g s  t o  a  s i z e  d i s t r i b u t i o n .  A similar i n s t r u m e n t  was 

t e s t e d  and d e s c r i b e d  i n  Report  No. 1 4 ,  Inter-Agency Committee on Water 

Resources  (1963, pp. 129-132). Only p a r t i c l e s  i n  t h e  20- t o  120-urn 

(micrometer)  r a n g e  were t e s t e d  due  t o  ins t rument  o p e r a t i o n  problems. 



Purpose  and scope  

The purpose  o f  t h i s  i n v e s t i g a t i o n  is  t o  de te rmine  t h e  performance 

c h a r a c t e r i s t i c s  of a  r e c e n t l y  developed v a r i a b l e - g a p  t u r b i d i m e t  e r  and t o  

e v a l u a t e  i t s  p o t e n t i a l  f o r  development a s  a n  i n - p l a c e  suspended-sediment 

c o n c e n t r a t i o n  a n a l y z e r  t h a t  i n c o r p o r a t e s  t h i s  t u r b i d i m e t e r ' s  hardware.  

The v a r  iable-gap t u r b i d i m e t e r  i s  manufactured by Markland S p e c i a l t y  
9c 

Engineer ing L t d . ,  Etobicoke,  O n t a r i o ,  Canada. T h i s  model (10-spec) is  

a  l a b o r a t o r y  v e r s i o n  of t h e  Markland's  Model 1 0  "Sludge Gun," an i n s t r u -  

ment used f o r  l o c a t i n g  s l u d g e  s t r a t a  i n  s t o r a g e  t a n k s ,  ponds, o r  o t h e r  

such  r e s e r v o i r s .  Both i n s t r u m e n t s  i n c o r p o r a t e  a pulsed i n f r a r e d  l i g h t  

beam which i s  e m i t t e d  from a  d iode .  Both i n s t r u m e n t s  a l s o  u s e  a  photo- 

t r a n s i s t o r  a s  a  d e t e c t o r .  The pu l sed  i n f r a r e d  i n s t r u m e n t s  a r e  more 

compact and u s e  l e s s  energy than  o l d e r  t u r b i d i m e t e r s .  

The c h a r a c t e r i s t i c s  of t h e  t u r b i d i m e t e r  were  t e s t e d  by u s i n g  n a t u r a l  

sed iments ,  s o r t e d  i n t o  groups a c c o r d i n g  t o  p a r t i c l e  s i z e ,  which were  

ana lyzed  a t  v a r i o u s  c o n c e n t r a t  i o n s  i n  sediment-water m i x t u r e s .  I n s t r u -  

ment r e a d i n g s  were  t h e n  compared f o r  t h e  d i f f e r e n t  p a r t i c l e - s i z e  groups .  

These  d a t a  were  used t o  c a l c u l a t e  t h e  r e a d i n g s  expec ted  when sed iments  

from t h e  groups were  mixed. The e f f e c t s  of p a r t i c l e  c o l o r ,  p a r t i c l e  

t r a n s p a r e n c y ,  d i s s o l v e d  s o l i d s ,  and ambient l i g h t  were  a l s o  i n v e s t i g a t e d .  
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HARDWARE 

The i n s t r u m e n t  t e s t e d  i s  a  l a b o r a t o r y  v e r s i o n  o f  a  d e v i c e  used f o r  

l o c a t i n g  s l u d g e  s t r a t a ,  and is  n o t  marketed as a suspended-sediment 

a n a l y z e r .  The ins t rument  ( f i g .  l ) ,  is 115-V a-c powered and c o n s i s t s  of 

a n  ins t rument  box and t e s t  chamber. The ins t rument  box c o n t a i n s  power 

and s i g n a l - c o n d i t i o n i n g  e l e c t r o n i c s ,  g a i n  and ze ro  c o n t r o l s ,  and a  u n i t -  

l e s s  ana log  v o l t m e t e r .  The 1 - l i t e r  t e s t  chamber, which houses  t h e  i n f r a r e d  

l i g h t  e m i t t i n g  d i o d e  (LED) and t h e  p h o t o d e t e c t o r ,  i s  connected t o  t h e  

ins t rument  box by a  t h r e e - w i r e  c a b l e .  

Pulsed i n f r a r e d  l i g h t  i s  t r a n s m i t t e d  from t h e  LED t o  t h e  photo- 

d e t e c t o r .  The l e n g t h  of t h e  o p t i c a l  p a t h  can b e  v a r i e d  from 0 t o  130 mm 

(mi l l imete r s ) .  The l i g h t  converges  t o  a  p o i n t  25 mm ahead of t h e  LED and 

d i v e r g e s  beyond t h i s  d i s t a n c e .  P a r t i c l e s  suspended i n  a  medium between 

t h e  LED and p h o t o d e t e c t o r  absorb  o r  r e f l e c t  some of t h e  i n c i d e n t  

(oncoming) l i g h t ,  and t h e r e b y  r e d u c e  t h e  amount of l i g h t  t r a n s m i t t e d  t o  

t h e  p h o t o d e t e c t o r .  Th i s  l o s s  cor responds  t o  t h e  r e a d i n g  on t h e  v o l t m e t e r .  

When p a r t i c u l a t e  c o n c e n t r a t i o n s  a r e  low, t h e  gap between t h e  LED and 

p h o t o d e t e c t o r  may b e  l eng thened  t o  i n t r o d u c e  a  g r e a t e r  number o f  p a r t i c l e s .  

Conversely ,  t h e  gap may b e  s h o r t e n e d  when sediment c o n c e n t r a t i o n s  a r e  

h igh .  

TEST PROCEDURES AND RESULTS 

Sediment p r e p a r a t i o n  

Two n a t u r a l  a l l u v i a l  sed iments ,  w i t h  p a r t i c l e s  r a n g i n g  from c l a y  t o  

sand s i z e s ,  were  each d i v i d e d  i n t o  groups based on p a r t i c l e  s i z e .  Lumps 

of d r y  sediment were ground w i t h  mor ta r  and p e s t l e  and t h e n  d r y  s i e v e d  

th rough  a n e s t  of s c r e e n s  r a n g i n g  from 125  u m  t o  44 pm. Sediment 

r e t a i n e d  on t h e  125-um s i e v e  was d i s c a r d e d .  Sediment i n  each s i e v e  was 

p laced  i n  t h e  nex t -coarse r  s i e v e ,  t h e n  t h e  sediment was wet s i e v e d  a f t e r  

t h e  s i e v e s  had been r e n e s t e d .  T h i s  wet s i e v i n g  p r o c e s s  was r e p e a t e d ;  

t h e n  sediment remain ing  i n  each s i e v e  was i s o l a t e d ,  d r i e d ,  and l a b e l e d .  

The sediment-wat e r  m i x t u r e  t h a t  passed through t h e  44-pm s i e v e  was 

t r e a t e d  w i t h  a chemical  d i s p e r s a n t  and s u b j e c t e d  t o  u l t r a s o n i c  v i b r a t i o n .  

The m i x t u r e  was t h e n  p laced  i n  c y l i n d r i c a l  c o n t a i n e r s  t o  d e p t h s  o f  



--- 
INSTRUMENT 

SEDIMENT- 
INSTRUMENT 

- .. .. -2 
A PHOTO DETECTOR 

F i g u r e  1 . - -Turbidimeter .  Photograph shows t h e  ins t rument  box on t h e  
l e f t  and t h e  t e s t  chamber t o  t h e  r i g h t .  Below is a  s i m p l i f i e d  c r o s s -  
s e c t i o n a l  view of t h e  t e s t  chamber (approx imate ly  h a l f  s c a l e ) .  



1 0  cm ( c e n t i m e t e r s ) ,  a g i t a t e d ,  and t h e n  t h e  p a r t i c l e s  were  a l lowed t o  

s e t t l e  f o r  p rede te rmined  l e n g t h s  of t ime .  Sediment groups  were  t h e n  

i s o l a t e d  by s e t t l i n g  and d e c a n t i n g  o r  by s iphoning .  These s e d i m e n t a t i o n  

p r o c e s s e s  were  r e p e a t e d  t o  p u r i f y  groups.  The s i l t - s i z e d  groups  were  

dewatered and d r i e d .  Clay-sized groups were  l e f t  a s  m i x t u r e s  w i t h  w a t e r .  

The c o n c e n t r a t i o n  o f  each m i x t u r e  was determined by f i l t e r i n g  a  known 

volume of t h e  m i x t u r e  and t h e n  de te rmin ing  t h e  d r y  weight  of t h e  c l a y  

r e s i d u e  on t h e  f i l t e r .  

Sediment d e s c r i p t i o n  

The two a l l u v i a l  sed iments  used i n  t h e  tests, a s  w e l l  as a processed 

sediment and g l a s s  beads ,  had t h e  f o l l o w i n g  p h y s i c a l  c h a r a c t e r i s t i c s :  

West B i t t e r  Creek,  Oklahoma, m a t e r i a l  c o n s i s t s  o f  r e d ,  wel l -graded f i n e  

sand ,  s i l t ,  and c l a y .  The sand-s ized p a r t i c l e s  appear  t o  b e  q u a r t z o s e ,  

subrounded, c l e a r ,  and v a r i a b l y  i r o n - s t a i n e d  r e d .  

Spokane, Washington, m a t e r i a l  i s  composed p r i m a r i l y  o f  c l a y ,  w i t h  a  s m a l l  

amount of s i l t  and a  n e g l i g i b l e  amount o f  f i n e  sand.  The m a t e r i a l  i s  

medium gray.  

Bay C i t y ,  Wisconsin ,  sand is  q u a r t z o s e ,  rounded, f r o s t e d ,  and uniformly 

i r o n - s t a i n e d  orange-yellow. I t  is commercially p rocessed  from a  p o o r l y  

cemented P a l e o z o i c  s a n d s t o n e .  

Glass  beads  a r e  commercially manufactured s p h e r e s  which a r e  w a t e r  c l e a r  

and have a  g l o s s y  L u s t e r .  They a r e  a v a i l a b l e  i n  v a r i o u s  narrow s i z e  

r a n g e s .  

Turbid  imete r  ad j us  tment 

The t u r b i d i m e t e r  was a d j u s t e d  p r i o r  t o  u s e  as f o l l o w s :  

1. The test chamber was f i l l e d  w i t h  c l e a r  w a t e r .  

2 .  The gap ( f i g .  I )  was set.  The p roper  s e t t i n g  w i l l  b e  d i s c u s s e d  

l a t e r .  

3. A l l  l i g h t  was blocked from t h e  p h o t o d e t e c t o r ,  t h e n  t h e  GAIN c o n t r o l  

was a d j u s t e d  u n t i l  t h e  meter  j u s t  r e a d  100 on t h e  u n i t l e s s  0  t o  100 s c a l e .  



4 .  The t e s t  chamber was covered t o  p r e v e n t  ambient l i g h t  from r e a c h i n g  

t h e  p h o t o d e t e c t o r .  Then, w i t h  t h e  i n f r a r e d  l i g h t  p a t h  u n o b s t r u c t e d ,  t h e  

ZERO c o n t r o l  was a d j u s t e d  u n t i l  t h e  mete r  r e a d  z e r o . .  

5. S t e p s  3 and 4 were r e p e a t e d  as n e c e s s a r y .  

The gap can b e  set from 0  t o  abou t  100 mm, b u t  a  gap of 75 t o  90 mm 

al lowed f o r  a meter  r e a d i n g  o f  z e r o  when t h e  c o n c e n t r a t i o n  was ze ro .  I n  

t h i s  i n t e r v a l ,  t h e  g r e a t e s t  change i n  meter  r e a d i n g  p e r  u n i t  change i n  

c o n c e n t r a t i o n  was a t  t h e  75-mm gap s e t t i n g .  Gap s e t t i n g s  l e s s  t h a n  75 mm 

can b e  used f o r  c o n c e n t r a t i o n s  t h a t  would c a u s e  more t h a n  a  f u l l - s c a l e  

meter  d e f l e c t i o n .  The gaps of less t h a n  75 mm produce a z e r o  meter r e a d i n g  

a t  a  f i n i t e  c o n c e n t r a t i o n .  I n c r e a s e d  meter  r e a d i n g s  a r e  o b t a i n e d  a s  t h e  

gap l e n g t h  i s  s h o r t e n e d  because  t h e  p h o t o d e t e c t o r  r e c e i v e s  more energy 

from t h e  l i g h t  s o u r c e  a s  t h e  p h o t o d e t e c t o r  approaches  it. 

E f f e c t  o f  ambient  l i g h t  and w a t e r  

l e v e l  on i n s t r u m e n t  r e s p o n s e  

A s m a l l  amount of sediment was added t o  w a t e r  i n  t h e  t e s t  chamber. 

The cover  was i n s t a l l e d  on t h e  chamber and t h e  meter  r e a d i n g  was no ted .  

The cover  was t h e n  removed and t h e  chamber was exposed t o  ambient l i g h t  

s o u r c e s .  F l u o r e s c e n t  l i g h t ,  incandescen t  l i g h t ,  and s u n l i g h t  each caused 

a  r e d u c t i o n  i n  t h e  meter r e a d i n g .  The reduced r e a d i n g  i n d i c a t e d  a  concen- 

t r a t i o n  lower  t h a n  t h e  known v a l u e .  

I n  a n o t h e r  t e s t ,  water-sediment m i x t u r e  was poured i n t o  t h e  test 

chamber t o  a  l e v e l  j u s t  above t h e  l i g h t  pa th .  The l i d  was i n s t a l l e d  and 

t h e  meter  r e a d i n g  was recorded .  A d d i t i o n a l  m i x t u r e  was added and t h e  

p r o c e s s  was r e p e a t e d  s e v e r a l  t i m e s .  The mete r  r e a d i n g s  changed w i t h  

changes i n  l e v e l  f o r  l e v e l s  l e s s  t h a n  20 mm above t h e  l i g h t  pa th .  Meter 

r e a d i n g s  f o r  m i x t u r e  l e v e l s  above t h i s  e l e v a t i o n  remained c o n s t a n t .  A l l  

subsequent  tests were  conducted w i t h  m i x t u r e  volumes of 750 mL t o  900 mL. 

The s m a l l e r  volume cor responds  t o  an e l e v a t i o n  25 mm above t h e  l i g h t  

pa th ,  w h i l e  t h e  l a r g e r  volume is t h e  maximum t h a t  can b e  s t i r r e d  w i t h i n  

t h e  chamber. 



Measurements o f  suspended-sediment c o n c e n t r a t i o n  

The West B i t t e r  Creek m a t e r i a l  was ana lyzed  f o r  s e v e r a l  sediment 

c o n c e n t r a t i o n s  of sediment-water m i x t u r e  up t o  1 ,000  m g / ~ .  Each p a r t i c l e -  

s i z e  group was examined i n d i v i d u a l l y .  The meter  r e a d i n g s  f o r  v a r i o u s  

c o n c e n t r a t i o n s  of each group a r e  p r e s e n t e d  i n  f i g u r e  2. I n  g e n e r a l ,  t h e  

c u r v e s  a r e  l i n e a r  t o  s l i g h t l y  curved,  s h a r e  a  common o r i g i n ,  and have 

s l o p e s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  p a r t i c l e  d i a m e t e r s ,  The c u r v e s  f o r  

t h e  two groups  of t h e  c l a y  s i z e s  ( 0  t o  1 .4  pm and 1 .4  t o  4  pm) n e a r l y  

o v e r l a p  and t h e r e f o r e  a r e  r e p r e s e n t e d  by one curve .  

The Spokane m a t e r i a l  was analyzed because  i ts  gray  appearance  con- 

t r a s t e d  w i t h  t h e  r e d  c o l o r a t i o n  o f  t h e  West B i t t e r  Creek sediment .  The 

20- t o  44-pm f r a c t i o n  d a t a  p l o t t e d  t o  t h e  l e f t  of  t h e  c u r v e  f o r  t h e  same 

f r a c t i o n  of West B i t t e r  Creek m a t e r i a l .  T h i s  can b e  exp la ined  by t h e  

skewed d i s t r i b u t i o n  w i t h i n  t h e  Spokane f r a c t i o n  which is  o v e r l y  r e p r e -  

s e n t e d  by t h e  smaller p a r t i c l e s .  

The 4- t o  20-~rn Spokane f r a c t i o n ,  l i k e w i s e ,  p l o t t e d  t o  t h e  l e f t  of 

t h e  c u r v e  f o r  t h e  same f r a c t i o n  o f  West B i t t e r  Creek material. The 

Spokane m a t e r i a l  was r e p r o c e s s e d  due t o  suspec ted  c l a y  con tamina t ion .  

R e t e s t i n g  r e v e a l e d  a  s h i f t  of  t h e  c u r v e  t o  t h e  r i g h t ,  a s  a n t i c i p a t e d .  

T e s t s  on t h e  two c l a y - s i z e  groups  produced c u r v e s  t h a t  over lapped  t h e  

c u r v e  f o r  t h e .  same s i z e s  i n  t h e  West B i t t e r  Creek m a t e r i a l .  Because 

t h e s e  groups a r e  l e a s t  v u l n e r a b l e  t o  con tamina t ion  from o t h e r - s i z e d  

p a r t i c l e s  d u r i n g  g r o u p - i s o l a t i o n  p r o c e s s i n g ,  t h e  r e s u l t s  imply t h a t  

p a r t i c l e  c o l o r  is  n o t  a n  impor tan t  v a r i a b l e .  

R e s u l t s  shown i n  f i g u r e  2  i n d i c a t e  t h a t  t h e  t u r b i d i m e t e r  r e s p o n s e  

v a r i e s  w i t h  p a r t i c l e  s i z e .  The t u r b i d i m e t e r  r e a d i n g s  can b e  i n t e r p r e t e d  

i n  terms of sediment c o n c e n t r a t i o n  o n l y  when t h e  p a r t i c l e - s i z e  group i s  

known. Experiments were conducted t o  de te rmine  whether  t u r b i d i m e t e r  

r e a d i n g s  a r e  meaningful when broader  ranges  o f  s e d i m e n t - p a r t i c l e  s i z e s  

are ana lyzed ,  Var ious  m i x t u r e s  of sediment from t h e  West Bi t ter  Creek 

groups w e r e  combined and t e s t e d  w i t h  t h e  t u r b i d i m e t e r .  R e s u l t s  a r e  

p resen ted  i n  t a b l e  1. Readings f o r  t h e  same m i x t u r e s  were  c a l c u l a t e d  

and a r e  l i s t e d  i n  t h e  same t a b l e .  The c a l c u l a t i o n  methods a r e  exp la ined  

i n  a f o l l o w i n g  s e c t i o n .  

9 



SEDIMENT CONCENTRATION, I N  MILLIGRAMS PER LITER 

Figure  2.--1nstrument response  t o  d i f f e r e n t  concen t r a t i ons  of v a r i o u s  
p a r t i c l e - s i z e  f r a c t i o n s  f o r  West Bi t ter  Creek, Okla. ,  sediment.  
The s h o r t  v e r t i c a l  l i n e s  r e p r e s e n t  a range  of r ead ings  where s i n g l e  
v a l u e s  could no t  be  determined. The +'s r e p r e s e n t  datum p o i n t s  f o r  
t h e  1.4- t o  4-vm group. The gap was s e t  a t  90 mm. 



Table  1.--Comparison between a c t u a l  i n s t r u m e n t  r e a d i n g s  and c a l c u l a t e d  
r e a d i n g s  f o r  v a r i o u s  combinat ions  of West Bit ter  Creek m a t e r i a l .  Calcu- 
l a t i o n s  were  based  on d a t a  p r e s e n t e d  i n  f i g u r e  2. T e s t s  on m a t e r i a l  
from s i n g l e  groups  were  conducted as a check on mete r  response .  T e s t s  
1, 2 ,  and 3 were conducted on d i f f e r e n t  days .  

Sediment c o n c e n t r a t i o n s ,  i n  m i l l i g r a m s  p e r  l i t e r ,  
f o r  t h e  f o l l o w i n g  sediment p a r t i c l e - s i z e  1 Readings 
groups ,  i n  micrometers  : 4 

4-20 u m  20-44 pm 44-62 pm 62-88 u m  I C a l c u l a t e d *  Actua l  

T e s t  1 

-- 2 00 400 2 00 53 (61) 59-60 
5 0 2 00 4 00 200 65 (73) 7 8 
-- 200 -- -- 18-19 1 8  
-- 200 200 - - 30 (33%) 3 4 
50 2 00 2 00 -- 42 (43) 51  
50 - - -- -- 12 12 
50 100 -- -- 20 (25) 2 5 

T e s t  2 

-- - - -- 200 8 7-8 
-- -- 200 200 20 (22) 20-21 
- - 100  200 2 00 28 (33) 30 

100 100 200 200 58 (64) 69- 70 
100 -- -- -- 3 0 3 0 
-- 100 -- -- 8 9-10 
50 50 -- -- 1 6  (19) 21 

200 -- -- -- 6 7 65-66 
100 -- -- -- 3 0 30 
100 2 00 -- -- 48-49 (50) 5 3 
100 200 2 00 -- 60 (64%) 70 

2 00 -- -- -- 6 7 70 
200 2 00 -- -- 85-86(88) 94-95 

T e s t  3 

- - -- 1 4  1 6  
- - - - 1 8  (21) 2 3 
-- -- 30 2 9 
-- -- 38 (43) 43 
-- - - 1 3  9 
-- -- 60-61 (63) 59-60 
-- -- 1 3  9 
-- - - 60-61 (63) 5 8 

150 -- 68-69 (74) 70 
150 150 75 (82) 80 

"Numbers i n  p a r e n t h e s e s  a r e  v a l u e s  determined by t h e  second c a l c u l a t i o n  
method, a s  d e s c r i b e d  i n  t h e  t e x t .  



Clear g l a s s  beads were t e s t e d  wi th  t h e  turb id imeter  t o  i n v e s t i -  

g a t e  t h e  inf luence  of sediment o p t i c a l  p r o p e r t i e s  on t h e  readings .  Data 

f o r  t h e  g l a s s  beads and s imi l a r - s i zed  West B i t t e r  Creek sand were p l o t t e d  

and a r e  presented i n  f i g u r e  3.  The g l a s s  beads provided lower meter 

readings  f o r  comparable concent ra t ions  of t h e  West B i t t e r  Creek m a t e r i a l ,  

i n d i c a t i n g  t h a t  more l i g h t  was t r ansmi t t ed  t o  t h e  photodetector  when t h e  

g l a s s  beads were t e s t e d .  Handbook va lues  (Bolz and Tuve, 1970, p.  168- 

169) show t h a t  t ransmi t tance  va lues  f o r  i n f r a r e d  l i g h t  through c l e a r  

g l a s s  a r e  higher  than f o r  i n f r a r e d  l i g h t  through opal  g l a s s ,  which is  

probably o p t i c a l l y  s i m i l a r  t o  t h e  West B i t t e r  Creek sand. The t e s t  and 

handbook va lues  i n d i c a t e  t h a t  t h e  o p t i c a l  p r o p e r t i e s  of sediment p a r t i c l e s  

i n f luence  t h e  meter response. 

Bay Ci ty  sand was t e s t e d  f o r  comparison. Data compared very we l l  

w i t h  t h a t  c o l l e c t e d  f o r  t h e  West B i t t e r  Creek ma te r i a l .  

Dissolved s o l i d s  

S a l t  s o l u t i o n s  were t e s t e d  i n  t h e  turb id imeter  t o  determine t h e  

e f f e c t  of d i sso lved  s o l i d s  on meter response. A 2,200-mg/L s o l u t i o n  of  

magnesium s u l f a t e  was t e s t e d ,  a s  we l l  a s  s i m i l a r  s o l u t i o n s  of  sodium 

c h l o r i d e  and calcium c h l o r i d e .  Readings ranged from 0 t o  2 when t h e  

added salts were completely d i s so lved .  This i s  a  n e g l i g i b l e  e f f e c t  f o r  

such concent ra t ions  of d i sso lved  s o l i d s .  

~ o u r c e / d e t e c t o r  gap 

I f  a  sediment concen t r a t ion  produces a  meter reading  beyond 100, 

t h e  gap l e n g t h  can be  reduced u n t i l  t h e  reading  appears  w i th in  t h e  range 

of t h e  meter.  Figure 4 shows concentration-meter reading  r e l a t i o n s  f o r  

s e v e r a l  gap s e t t i n g s  f o r  va r ious  concen t r a t ions  of 1 pm o r  smaller c l a y  

p a r t i c l e s .  The 75- and 90-mm gap s e t t i n g s  a r e  t h e  two extremes i n  gap 

l e n g t h  a t  which zero concent ra t ions  show a zero meter reading.  The 

s lopes  a r e  d i f f e r e n t  f o r  t h e  two curves  because d i f f e r e n t  ga in  and zero 

s e t t i n g s  were used. The s e t t i n g s  used f o r  t h e  90-mm gap provided t h e  

g r e a t e s t  change i n  concent ra t ion  per  u n i t  change i n  meter reading.  The 

ga in  and zero c o n t r o l s  were l e f t  a t  t h i s  s e t t i n g  and t h e  gap was 
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(t) West B i t t e r  Creek,  Okla. 

C (0) Bay C i t y ,  W i s .  
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CONCENTRATION, I N  MILLIGRAMS PER LITER 

F i g u r e  3.--Comparison o f  t u r b i d i m e t e r  r e a d i n g s  f o r  v a r i o u s  
c o n c e n t r a t i o n s  of n a t u r a l  sands  and manufactured c l e a r  g l a s s  
beads .  



0 100 200 300 
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F i g u r e  4.--Instrument r e s p o n s e  t o  v a r i o u s  c o n c e n t r a t i o n s  
of - <l-urn c l a y  s i z e s  f o r  s e v e r a l  gap s e t t i n g s .  

- 



decreased t o  79 mm and then  62 mm. The 79-mm gap s h i f t s  t h e  l i n e a r  range 

f o r  instrument  response f o r  concen t r a t ions  of about 100 t o  200 mg/L. The 

62-mm gap inc reases  t h e  threshold  concent ra t ion  l e v e l ,  and t h e  response 

curve  becomes nonl inear .  

The graph i n  f i g u r e  5,  provided by t h e  turb id imeter  manufacturer,  

shows s i m i l a r  curves f o r  h igher  concen t r a t ions  of sediment and f o r  smal le r  

gap s e t t i n g s .  As  readings  approach 100, t h e  s lopes  of t h e  curves approach 

zero.  In  t h i s  s i t u a t i o n ,  small  v a r i a t i o n s  i n  t h e  meter reading  correspond 

t o  l a r g e  d i f f e r ences  i n  concent ra t ion .  

CALCULATIONS FOR PREDICTING TURBIDIFBTER READINGS 

The curves i n  f i g u r e  2 were used t o  c a l c u l a t e  meter readings  f o r  

combinations of sediment from t h e  sediment groups. 

The va lues  on t h e  l e f t  i n  t h e  column marked "ca lcu la ted  reading' '  i n  

t a b l e  1 were computed by adding readings  f o r  t h e  va r ious  components of 

t h e  mixtures .  A s  an example, a mixture  composed of 90 mg of 4- t o  20-pm 

m a t e r i a l  p lus  90 mg of 20- t o  44-pm m a t e r i a l  i n  900 mL of d i s t i l l e d  water  

(100 m g / ~  f o r  each component) had a c a l c u l a t e d  reading of "38", "30" f o r  

t h e  4- t o  20-pm component ( a t  LOO mg/L) added t o  "8" f o r  t h e  c o n t r i b u t i o n  

f o r  t h e  20- t o  44-urn component ( a l s o  a t  100 mg/L). Calculated va lues  were 

gene ra l ly  lower than t h e  measured va lues ,  e s p e c i a l l y  f o r  t h e  h igher  

concent ra t ions .  

Examination of t h e  graphs f o r  t h e  coarser -s ized  ma te r i a l  i n  f i g u r e  2 

shows an i n c r e a s e  i n  s lope  a s  concen t r a t ions  inc rease .  This l e d  t o  a 

second method f o r  computing t h e  c a l c u l a t e d  reading.  Using t h e  previous 

example, we can s e e  t h a t  t h e  a c t u a l  t o t a l  concent ra t ion  i s  200 mg/L wi th  

a 50 percent  weight con t r ibu t ion  from each component. The new v.alues,  

t h e r e f o r e ,  were ca l cu la t ed  by t ak ing  t h e  200 mg/L reading  f o r  t h e  compo- 

nent  s i z e  ranges and by mul t ip ly ing  by t h e i r  r e s p e c t i v e  con t r ibu t ion ,  

t h a t  i s ,  (19 x 1 /2 )  f o r  t h e  20- t o  44-pm component and (67 x 1 / 2 )  f o r  t h e  

4- t o  20-um component. The f i n a l  va lue ,  43, corresponds we l l  w i th  t h e  

observed reading,  There a r e  ca ses ,  however, when t h e  second method must 

be supplemented by t h e  f i r s t  method. Take, f o r  example, t h e  s i t u a t i o n  

where t o t a l  concent ra t ion  i s  500 m g / ~  and where t h e r e  i s  a 100 mg/L 



CONCENTRATION, IN PERCENT 

F i g u r e  5.--Meter r e s p o n s e  t o  s l u r r y  c o n c e n t r a t i o n s  f o r  s e v e r a l  gap 
s e t t i n g s .  T e s t  m a t e r i a l  was mixed s i l t ,  c l a y ,  and a s h  from Mount 
S t .  Helens ,  Wash. The t e s t  was conducted f o r  t h e  U. S.  Geo log ica l  
Survey by t h e  t u r b i d i m e t e r  manufac tu re r ,  who a l s o  p rov ided  t h e  
graph. 



component of 4- t o  20-um m a t e r i a l .  The 4- t o  20-um graph i s  a c t u a l l y  

o n l y  u s a b l e  i n  t h e  0- t o  300-mg/~ range .  The f u l l  v a l u e  f o r  100  m g / ~  

must b e  used,  a s  was done i n  t h e  o r i g i n a l  c a l c u l a t i o n .  

SUMMARY AND CONCLUSION 

The t u r b i d i m e t e r  can measure t h e  c o n c e n t r a t i o n  of narrow s i z e - r a n g e s  

of sediment i n  mix tures  w i t h  wa te r .  Readings,  when p l o t t e d  a g a i n s t  con- 

c e n t r a t i o n ,  form c u r v e s  t h a t  are n e a r l y  l i n e a r ,  s h a r e  a common o r i g i n  a t  

z e r o  c o n c e n t r a t i o n  and z e r o  meter r e a d i n g s ,  and  have s l o p e s  t h a t  a r e  

i n v e r s e l y  p r o p o r t i o n a l  t o  p a r t i c l e  d i a m e t e r s .  The c u r v e  f o r  t h e  c l a y  

s i z e s ,  0 t o  4 um, had t h e  g r e a t e s t  s l o p e ,  and i n t e r c e p t e d  t h e  f u l l - s c a l e  

l i n e  a t  a c o n c e n t r a t i o n  o f  abou t  100  mg/L. 

Meter r e a d i n g s  were  p r e d i c t a b l e  f o r  mixes o f  sediment from known 

p a r t i c l e - s i z e  groups. 

A comparison of red-colored sediment  t o  g r a y  sediment i n d i c a t e d  

t h a t  c o l o r  i s  probably  n o t  a f a c t o r  when measur ing sediment c o n c e n t r a t i o n  

w i t h  t h e  i n f r a r e d  l i g h t - e m i t t i n g  t u r b i d i m e t e r .  Transparen t  g l a s s  beads ,  

however, d i d  a l l o w  more l i g h t  t o  r e a c h  t h e  p h o t o c e l l  t h a n  similar s i z e s  

and c o n c e n t r a t i o n s  of t r a n s l u c e n t  a l l u v i a l  sands .  

Disso lved  s o l i d s  had no o r  n e g l i g i b l e  e f f e c t  on t h e  meter  r e a d i n g .  

N a t u r a l  and a r t i f i c i a l  ambient l i g h t  d e c r e a s e d  t h e  meter r e a d i n g ,  

and i n d i c a t e d  a c o n c e n t r a t i o n  lower  t h a n  what a c t u a l l y  e x i s t e d .  

L i k e  o t h e r  t u r b i d i m e t e r s ; t h i s  i n s t r u m e n t  i s  i n f l u e n c e d  by p a r t i c l e -  

s i z e  d i s t r i b u t i o n  a s  w e l l  as by sediment c o n c e n t r a t i o n .  A t  t h i s  t ime ,  

p a r t i c l e - s i z e  d i s t r i b u t i o n  i s  g e n e r a l l y  n o t  d e t e r m i n a b l e  o n - s i t e .  T h i s  

i n s t r u m e n t ,  t h e r e f o r e ,  cannot  b e  used as an  i n - s i t u  sed iment -concen t ra t ion  

measur ing dev ice .  
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